In a recent paper Hao et al. [Phys. Rev. B 80, 035329 (2009)] reported variational calculations of energy spectrum for shallow hydrogenic donor in the structure of semiconductor/insulator/metal with a new type of trial wave function. They also performed calculations for semiconductor/insulator system and found that their method gives energy values lower than those obtained by MacMillen and Landman [Phys. Rev. B 29, 4524 (1984)]. As follows from these results MacMillen and Landman have got much larger errors in energy values than they expected. However we confirm that the theoretical approach suggested by MacMillen and Landman gives rather accurate energy values for the system of hydrogenic donor near the interface between semiconductor and insulator.
In a recent paper Hao et al. [Phys. Rev. B 80, 035329 (2009) ] reported variational calculations of energy spectrum for shallow hydrogenic donor in the structure of semiconductor/insulator/metal with a new type of trial wave function. They also performed calculations for semiconductor/insulator system and found that their method gives energy values lower than those obtained by MacMillen and Landman [Phys. Rev. B 29, 4524 (1984) ]. As follows from these results MacMillen and Landman have got much larger errors in energy values than they expected. However we confirm that the theoretical approach suggested by MacMillen and Landman gives rather accurate energy values for the system of hydrogenic donor near the interface between semiconductor and insulator. To calculate the electronic spectrum under consideration an eigenvalue problem for the following equation (written in dimensionless form) should be solved 2 :
All distances are scaled to units of effective Bohr radius (a * B ) and the energy E is given in effective Rydbergs (Ry * ). The parameter Q * is given by:
where ǫ s and ǫ ins are the dielectric constants of the semiconductor and the insulator respectively. The distance of the donor from the interface is R and r D and rD are the distances of an impurity electron from the donor (D) and its image (D), respectively. HDAP compared their results calculated for Q * = 1 in Eq. (1) (see Table I in Ref. [1] ) to the values calculated in Ref.
[2] for Q * ≈ 0.8387 (ǫ s = 11.4, ǫ ins = 1). The latter one corresponds to the interface between silicon and vacuum (see Table II in Ref. [2]). It seems that this incorrectness has been arisen due to the same mistake made in Ref. [3] .
In order to test this assertion we have performed calculations for Q * ≈ 0.8387 using variational and finiteelement approaches. For variational calculations a trial wave function was chosen as a sum Ψ trial = c ik φ ik with the basis wave functions:
where ξ = rD+rD 2R
and η = rD−rD 2R
are prolate spheroidal coordinates, α is a variational parameter, and L i (ξ) and P k (η) are polynomials of i-th and k-th degrees, respectively. As P k (η) we choose the Legendre polynomials of odd degree which allow to satisfy the boundary condition F ( r) = 0 at the interface (z = 0). Choosing this basis we avoid the necessity of numerical integration. Another advantage of this basis set is a lower number of basis functions which is necessary to obtain the same accuracy for the ground state energy E 0 as in Ref. [2] .
To carry out numerical computations using finite element method (FEM), the system is assumed to be rotationally symmetric around z-axis and the problem is reformulated in cylindrical coordinates (r, z). The equation is posed in a bounded domain Ω = (0, δ) × (−δ − R, 0) with δ = 10 chosen for an approximation of the semiinfinite region (0, +∞) × (−∞, 0) with a donor position at (0, −R). Using MATLAB we discretize this problem by linear finite elements on a triangular mesh with a number of unknowns ≈ 150000. The generalized sparse eigenvalue problem is solved by the implicitly restarted Arnoldi method in MATLAB.
The comparison of our results for Q * ≈ 0.8387 with the theoretical results of MacMillen and Landman is presented in Table I which has the form similar to that one in Ref. [1] . We found that our values are practically coinciding to those obtained by MacMillen and Landman at the same distances from the interface. So our calculations confirm the evaluation of the significant figures for energy values presented by MacMillen and Landman.
To evaluate the quality of the trial function with two parameters suggested by HDAP we have also performed variational and FEM calculations for Q * = 1. The obtained results are presented in Table II . As seen from this table the trial function suggested by HDAP gives rather good bound energy values. However, they are less than the values obtained using the trial wave function consisting of a sum over a basis set of wave functions (as in Ref.
[2] or ours) or by FEM.
HDAP also examined the quality of their trial functions with two and three parameters by comparison with results of their FEM calculations. As it was found in Ref.
[1] the use of three parameter functions leads to a lower error. It was estimated as about 1% when the distance from semiconductor/insulator interface is equal to a * B .
However, as it was shown in Ref.
[1], the errors in energy values calculated even with the three parameter function become much greater in the case Q * = −1 (semiconductor/metal interface). These errors grow when the donor location tends to the interface. The ground energy values were calculated in Ref.
[1] by FEM, with three-parameter and two-parameter trial functions. They were determined for R = a * B as equal to E 0 /Ry * = 0.304, 0.284, 0.276, respectively. At the same time the approach used in Ref. 2 gives the value of E 0 /Ry * = 0.3048 (with the use of 12 functions in our Ψ trial ) which is rather close to our FEM value E 0 /Ry * = 0.3050.
For the system under consideration a simple singleparametric function has been suggested earlier in Ref. [4] . This function allows to calculate all energies analytically, but provide less accurate energy values as compared with the results in Ref. [1] . Another type of a two-parametric trial function has been recently suggested in Ref. [5] . This function allows to perform main calculations analytically and gives relative errors for energy values less than 1.4% for any donor distances from the interface. However all these trial functions do not provide the 'spectroscopic accuracy' of calculated energies.
In conclusion, we confirm that the theoretical approach suggested by MacMillen and Landman 2 gives rather accurate energy values for the system of hydrogenic donor near the interface between semiconductor and insulator. One can use their results as a reference in searching for other types of trial functions considering electronic properties of such systems.
